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Abstract
 .Integrin-linked kinase ILK is a recently identified human protein kinase that has been implicated in integrin-mediated
signal transduction and tumorigenesis. We have identified a mouse molecule that is highly homologous to human ILK. The
mouse ILK homologue protein is readily recognized by antibodies raised against the human ILK protein, and the gene
encoding the mouse ILK homologue is widely expressed in mouse tissues. The mouse ILK homologue gene has been
mapped to chromosome 7E1 band. A second locus in the mouse chromosome 9E1–3 region has also been detected with a
mouse ILK homologue cDNA probe by fluorescence in situ hybridization, suggesting the possible existence of an ILK
pseudo-gene or a family of ILK genes in the mouse. q 1997 Elsevier Science B.V.
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The interactions between cell and extracellular ma-
trix play critical roles in many physiological and
pathological processes including embryonic develop-
ment, wound healing and tumorigenesis. Many of the
cell–extracellular interactions are mediated by inte-
grins, a family of ab heterodimeric transmembrane
w xreceptors 1,2 . Integrins not only provide a physical
connection between the extracellular matrix and the
intracellular cytoskeleton but also transduce signals
leading to cell adhesion, migration, growth and extra-
w xcellular matrix assembly 1,3–8 . Recent studies have
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demonstrated an essential role of integrin cytoplasmic
domains in mediating transmembrane signaling
w x1,4,5,7–9 . However, the molecular mechanisms un-
derlying cytoplasmic integrin signaling events remain
to be elucidated.
A potential mechanism by which integrins function
in cellular signal transduction is via formation of
complexes with intracellular catalytic signaling
molecules or other adapter molecules, as integrin
cytoplasmic domains lack enzyme activity. A human
protein kinase that binds and phosphorylates integrin
b 1 cytoplasmic domain, which was termed integrin-
 .linked kinase ILK , was recently identified in a yeast
w xtwo-hybrid screen 10 . ILK appears to be involved in
the regulation of both intracellular and extracellular
functions of integrins. Cell adhesion to fibronectin
w xinhibited ILK activity 10 . On the other hand, over-
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expression of human ILK in rat epithelial cells pro-
moted cell growth in soft agar and altered cell adhe-
w xsion to fibronectin 10 . More recently, it was found
that over-expression of ILK stimulated integrin-medi-
ated fibronectin matrix assembly, down-regulated E-
cadherin expression, and induced tumor formation in
w xvivo 11 .
While these results strongly support important roles
of ILK in control of cell adhesion, growth, matrix
assembly and tumorigenesis, the structures that are
pertinent to the functions of ILK are poorly under-
stood and ILK from species other than human has not
been previously identified and characterized. To facil-
itate studies on the structure and functions of ILK
and to eventually extend these studies to the whole
organism level, we have begun an analysis of mouse
molecules that are structurally related to human ILK.
To isolate mouse cDNAs encoding proteins that
share sequence similarity to human ILK, we screened
a mouse lgt11 heart 5X-Stretch Plus cDNA library
 6 . 32approximately 1.5=10 lgt11 plagues with a P-
labeled human ILK cDNA probe. Forty two clones
that were hybridized with the probe were identified.
Four of the most strongly positive clones were se-
lected and further characterized. Each of them con-
tained a cDNA insert of size ranging from 1.6 to 2.0
kb. Restriction mapping and DNA sequence analysis
indicated that the four clones contained identical
cDNA sequences in the protein coding region. The
entire nucleotide sequence of the longest clone clone
.M9 was determined by sequencing both strands of
 .the cDNA Fig. 1 . It contains a single open reading
frame that encodes a polypeptide consisting of 452
amino acid residues. The deduced mouse amino acid
sequence is 99% identical to that of human ILK Fig.
.1 . The mouse ILK homologue differs from human
ILK in primary amino acid sequence at positions 93,
197, 259 and 412 numbered from the human se-
. 93 197 259 412quence . Thus, I , T , S and I in the human
ILK are replaced by T, A, A, and V, respectively, in
 .the mouse ILK homologue Fig. 1 . In addition, there
is one extra proline residue in the mouse ILK homo-
logue. This extra proline residue is located between
positions 410 and 411 numbered from the human
.sequence and is within the protein kinase subdomain
w x10 10,12 . The high degree of homology between the
mouse and human ILK proteins resembles that be-
tween mouse and human b 1 integrin cytoplasmic
w xdomains 13 , suggesting that the supramolecular
structure of the ILK-integrin complex is likely to be
conserved between mouse and human.
 .The C-terminal region of ILK residues 186–451
is known to be involved in both integrin binding and
w xkinase catalytic activities 10 . The N-terminal region
 .of ILK residues 1–185 contains four ankyrin-like
repeats, but the function of this region is currently
unknown. Sequence comparison between the mouse
and human ILK indicates that the N-terminal region
is even more conserved than the C-terminal region
all 185 residues except one are conserved in the
.N-terminal region , suggesting a critical role of the
N-terminal region in mediating ILK functions. Se-
quences containing ankyrin-like repeats have been
identified in a number of signaling molecules and
these sequences appear to be involved in protein–pro-
wtein interactions critical in signal transduction 14–
x19 .
To characterize the mouse ILK protein, we have
 .expressed a Glutathione-S-Transferase GST fusion
protein containing the full length mouse ILK homo-
logue. The cDNA encoding the entire open reading
frame of mouse ILK homologue was inserted into the
SmaIrXho I site of the pGEX-5x-3 vector
 .Pharmacia . The recombinant vector pGEX-ILK, and
the pGEX-5x-3 vector as a control, were then used to
 .transform Escherichia coli cells DH5a . The ex-
pression of the GST-ILK fusion protein and GST was
induced with IPTG, and the GST-ILK fusion protein
and GST were purified by glutathione Sepharose 4B
affinity chromatography. The mouse ILK fusion pro-
Fig. 1. Nucleotide and deduced amino acid sequence of the mouse ILK homologue. The uppercase characters in the nucleotide sequence
correspond to the translated region. The translation start site is denoted with 1 and the stop codon is indicated by a star. The deduced
mouse amino acid sequence is shown below the nucleotide sequence. The arrow indicates the mouse amino acid residue that is absent in
the human ILK sequence. The residues in the human ILK amino acid sequence are omitted except in positions where they differ from the
mouse sequence.
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tein, but not GST, was recognized by an anti-human
 .ILK antibody Fig. 2 , confirming that the mouse
protein is homologous to human ILK protein.
We next analyzed the expression of the ILK homo-
logue gene in mouse tissues. An 1.8 kb transcript was
detected with a mouse ILK homologue cDNA probe
 .in northern blotting Fig. 3 . The mouse ILK homo-
logue gene is expressed in many tissues, with the
strongest expression in the heart, lung, liver and
 .kidney, and the weakest in the testis Fig. 3 . Thus,
ILK likely functions in a variety of mouse tissues,
consistent with its potential roles in regulation of
cellular processes mediated by integrins. An addi-
tional 2.3 kb transcript was also detected in the lung
 .Fig. 3 . The 1.8 kb and 2.3 kb transcripts could be
splicing variants derived from a single mouse gene or
transcripts from two separate mouse ILK homologue
genes.
To map the chromosomal localization of the mouse
ILK homologue gene, we hybridized mouse chromo-
Fig. 2. Recognition of mouse ILK homologue protein by antibod-
ies raised against human ILK. The GST and GST-ILK fusion
protein were eluted from glutathione-Sepharose 4B beads with 10
 .mM reduced glutathione and run on 10% SDS-PAGE. A
 .Coomassie blue R250 staining. B Immunoblot. Proteins were
transferred onto ImmobilonR membrane and the GST-ILK fusion
protein was detected with a rabbit anti-human ILK antibody
 . R91-5 , HRP-conjugated anti-rabbit IgG antibodies and an ECL
 .kit Amersham . Note that the mouse ILK fusion protein, but not
GST, was recognized by the anti-human ILK antibody.
Fig. 3. Northern blot detection of mouse ILK homologue mRNA.
The polyAq RNA from mouse heart, brain, spleen, lung, liver,
 .skeletal muscle, kidney and testis were isolated using oligo dT
cellulose columns, separated on a denaturing formaldehyde
 q .agarose gel 2 mg of polyA RNArlane , and transferred onto a
 .positively charged nylon membrane 2 mg RNArlane, Clontech .
A cDNA probe containing the partial mouse ILK homologue
 .coding sequence 989 bp was derived from the M9 clone by
PCR using the following primers: 5XATGGGCCAGAATCTC
AACCG3X and 5X CAGGGGAGGCAACCAGAGG 3X. The blot
was hybridized with the 32P-labeled mouse ILK homologue
cDNA probe at 658C overnight. The mRNA bands hybridized
with the radioactively labeled mouse ILK probe were visualized
by autoradiography.
somes with a biotinylated probe containing the full
length mouse ILK cDNA. The mouse chromosomes
were banded by counter-staining with DAPI, and the
hybridized mouse ILK probe was detected with
FITC-conjugated avidin. Two mouse chromosome
regions chromosome 7, region E1 and chromosome
.9, region E1–E3 showed hybridization with the
 .mouse ILK probe Fig. 4 . In the Fifth International
Workshop on Human Chromosome 11 Mapping
 .1996 , Hannigan et al. reported that the human ILK
gene is located in the human chromosome 11p15
w xregion 20 . Thus, the ILK gene likely forms part of a
conserved syntenic group of genes that have been
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Fig. 4. In situ hybridization of a mouse homologue ILK cDNA
probe to chromosomes 7 and 9. Mouse chromosomes were
w xprepared based on a previously published procedure 24 . Lym-
phocytes were isolated from mouse spleen and cultured at 378C
in RPMI 1640 medium supplemented with 15% fetal calf serum,
3 mgrml concanavalin A, 10 mgrml lipopolysaccharide and 50
mM mercaptoethanol. After 44 h, the cultured lymphocytes were
treated with 0.18 mgrml BrdU for an additional 14 h. The
synchronized cells were washed and cultured at 378C for 4 h in
a-MEN containing 2.5 mgrml thymidine. Chromosome slides
w xwere prepared using a published method 24 . Briefly, the slides
were baked at 558C for 1 h and then treated with RNase A. The
chromosomes were denatured with 70% formamide in 2=SSC
for 2 min, followed by dehydration with ethanol. The cDNA
probe containing the entire mouse ILK homologue coding se-
quence was biotinylated using the BRL BioNick Labeling kit
w x25 . The cDNA probe was then denatured at 758C for 5 min in a
hybridization mixture containing 50% formamide, 10% dextran
sulfate and mouse cotI DNA, followed by pre-hybridization at
378C for 15 min. The denatured chromosomes were hybridized
with the mouse ILK probe overnight. The slides were washed,
and the bound probes were detected with FITC conjugated avidin
w x25 . The chromosomes were counter-stained with 0.2 mgrml
X  .4 -6-diamidino-2-phenylindole DAPI for 5 min. After washing,
the chromosomal regions hybridized by the labeled probe were
identified by superimposing the FITC fluorescence signals on
w xDAPI banded mouse chromosomes 26 . More than 100 sets of
chromosome spreads were examined and the hybridization effi-
ciency was 50% and 60%, respectively, for the loci on chromo-
somes 7 and 9. The detail position on each locus was determined
based on a summary of ten chromosomes. The dots represent the
positions of the FITC signals detected on the chromosomes.
assigned to mouse chromosome 7 and the human
chromosome 11p15 region, which include Harvey-ras
 .HrasrHRAS , insulin-like growth factor II
 .Igf2rIGF2 , target of antiproliferative antibody 1
 .  .Tapa1rTAPA1 , and calcitonin CalcrCALCA .
The human ILK gene appears to be located in one of
the 11p15 subregions critical for Beckwith–Wiede-
w xmann syndrome 20 , a condition characterized by
w xprenatal overgrowth and cancer 21–23 . Functional
studies have shown that over-expression of human
ILK in rat epithelial cells induced anchorage-inde-
w xpendence growth in culture 10 and tumor formation
w xin nude mice 11 . These results suggest that ILK
may be one of the potential candidate genes involved
in the Beckwith–Wiedemann syndrome and associ-
w xated embryonic tumors 20 .
It is not clear at this time whether the mouse
chromosome 9E1–3 locus hybridized with the ILK
cDNA probe contains a pseudo-gene or a second
mouse ILK homologue gene. However, because hy-
bridization of human chromosomes with a human
ILK genomic DNA probe detected only a single
locus, an ILK pseudo-gene, if exists in the mouse, is
unlikely to be present on human chromosomes.
The functions of ILK in embryonic development
are currently unknown. Mouse ILK is expressed by
cells from a wide variety of tissues, and ILK expres-
sion has been detected in mouse embryos as well as
newborn mice Li, Abrahamson and Wu, unpublished
.observations . The availability of molecular tools for
analyses of mouse ILK will enable us to use the
mouse as an experimental model system to investi-
gate the roles of ILK in embryonic development as
well as tumorigenesis.
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